Abstract: Twenty-six known compounds and two new compounds, including a new lignan, (7S*,8R*,7'R*,8'S*)-icariol A 2 -9-O-β-xylopyranoside (1), and a new indole alkaloid, hygarine (2), were isolated from the extracts of Hygroryza aristata (Gramineae). The structures of all compounds were elucidated on the basis of NMR spectral analysis. The compounds (-)-epigallocatechin-3-O-gallate (4) and (-)-epicatechin-3-O-gallate (5) possess free radical scavenging activities and compound 1 could inhibit superoxide anion generation and elastase release by fMLP/CB-induced human neutrophils with IC50 values of 19.33 ± 0.86 and 24.14 ± 1.59 μM, respectively.
Introduction
Hygroryza aristata (Gramineae) is a stoloniferous perennial plant widely distributed in tropical Asia [1] . This plant grows in paddy fields and ponds at 400-800 meters above sea level, often forming floating clusters in lakes and slow-flowing rivers, and is a forage favored by cattle. Nevertheless, to our knowledge the chemical and biological activities of this plant have not been reported previously.
In the search for biologically active constituents from natural sources, we determined that the methanolic extract of this plant was able to scavenge DPPH free radicals. In the present study two new compounds, (7S*,8R*,7'R*,8'S*)-icariol A 2 -9-O-β-xylopyranoside (1) and hygarine (2) , were isolated together with 26 known compounds from the extracts of the H. aristata (Figure 1 ). Several of these compounds were evaluated for their antioxidant and anti-inflammatory activities. 
Results and Discussion
Compound 1 was obtained as a colorless syrup. Its IR spectrum exhibited hydroxyl and aromatic group absorption bands at 3,375 cm −1 and 1,517 cm −1 , respectively. The UV spectrum revealed absorption maxima at 237 and 279 nm. The 1 H-NMR data ( The planar structure of 1 is similar to that of icariol A 2 -9-O-β-xylopyranoside [2, 3] . In a NOESY experiment, H-8/ H-2, 6; H-8'/H-2', 6' and H-8/H-8' NOE correlations were observed, revealing that H-8, 8' and the two phenyls are a syn conformation. Based on these results, we established the relative configuration of 1 as shown in Figure 2 . Thus, the structure of compound 1 was determined to be (7S*,8R*,7'R*,8'S*)-icariol A 2 -9-O-β-xylopyranoside. In the 1 H-NMR data of 2, shown in Table 2 , the three mutually coupled aromatic protons at δ 6.70 . Therefore, the combined data for compound 2 indicated the presence of a partial coumaric acid. Two methylene proton signals at δ 2.89 (2H, t, J = 7.6 Hz) and 3.59 (2H, dd, J = 13.6, 7.6 Hz) correlated with the carbon signal at δ 26.1 (C-1') and 40.2 (C-2') in the HSQC experiment. The COSY spectrum of 2 showed two methylenes coupled with NH (δ H 7.30). Thus, compound 2 contains a partial NH-CH 2 -CH 2 structure. The HMBC spectrum exhibited correlations between H-1'/C-2, C-3 and C-9, H-2'/C-1" and C-1', H-2"/C-1", C-3", and C-4" indocatimg the three aforementioned structures to be connected as shown in Figure 3 . In addition, the presence of a carbonyl group in the coumaric acid moiety connected to NH with an amide bond was further confirmed by the fragment at m/z 147 in the FAB-MS spectrum. According to previous reports and the above NMR analysis, compound 2 was deduced to have the structure shown and it was named hygarine. 
, L-tyrosine (6) [8] , quercetin (7) [9] , rutin (8) [9] , kaempferol (9) [10] , adenine (10) [11] , adenosine (11) [11] , inosine (12) [11] , uracil (13) [12], uridine (14) [13] , coumaric acid (15) (27) [24] and sucrose (28) [25] , were isolated and identified by comprehensive studies of their physical and spectral data. Among all these compounds, several were evaluated for their antioxidant and anti-inflammatory activities. The inhibitory activity of (7S*,8R*,7'R*,8'S*)-icariol A 2 -9-O-β-xylopyranoside (1) and N-p-coumarylanthranilic acid (3) against the inflammatory response in human neutrophils was investigated. Compound 1 showed moderate anti-inflammatory activities and further, it inhibited superoxide anion generation and elastase release by fMLP/CB-induced human neutrophils, with IC50 values of 19.33 ± 0.86 and 24.14 ± 1.59 μM, respectively (Figure 4 ). In addition, the n-butanol soluble layer of the H. aristata methanolic extract was found to be a powerful scavenger of DPPH free radicals ( Figure 5 ). In further bioactivity-guided investigation of the butanol layer, (-)-epigallocatechin-3-O-gallate (4) (2.92 g, 0.31% of plant material), and (-)-epicatechin-3-O-gallate (5) (0.55 g, 0.06%) were obtained; these compounds were the major components of H. aristata. Their radical scavenging activities were greater by approximately 3.8 and 3.1-fold, respectively, than that of α-tocopherol ( Figure 6 ). These results suggest that H. aristata could be a rich natural source of catechins due to its high content of these substances. (μg/mL) * * * * * * * * * * * * * * * * * * * * * * * * * * Reduction of DPPH was measured spectophotometrically at 517 nm. All data are expressed as the mean ± S.E.M. of three separate experiments. *P < 0.05, **P < 0.01, ***P < 0.001 compared with the control value. HAM: H. aristata methanolic crude extract, HAC: H. aristata CHCl 3 layer, HAB: H. aristata n-BuOH layer, HAW: H. aristata water layer, Vit E: α-tocopherol. (μM) * * * * * * * * * * * * * * * * * * * * * * * * * * * Reduction of DPPH was measured spectophotometrically at 517 nm. All data are expressed as the mean ± S.E.M. of three separate experiments. ***P < 0.001 compared with the control value.
Experimental

General
Melting points were measured on a Yanagimoto MP-S3 micro melting point apparatus and are uncorrected. The UV spectra were recorded on a Hitachi U-3010 spectrophotometer in MeOH solution.
The IR spectra were recorded on a Jasco IR Report-100 spectrophotometer as KBr discs. The 1 H-and 13 C-NMR spectra were recorded on Bruker Avance-400 spectrometer. Chemical shifts are shown in δ values with tetramethylsilane as internal reference. The mass spectra were performed in the EI or FAB (matrix: glycerol) mode on a VG 70-250 S spectrometer. Specific rotations were determined on a Jasco P-1010 polarimeter.
Plant Material
Hygroryza aristata was collected and authenticated by Prof. C. S. Kouh at I-Lang, Taiwan. A voucher specimen (CGU-HA-1) was deposited in the herbarium of Chang Gung University, Taoyuan, Taiwan. 
Extraction and Isolation
DPPH Free-Radical Scavenging Activity
The scavenging activity of the DPPH radical was assayed by the modified method of Shimada et al. [26] . The absorbance was measured at 517 nm. Lower absorbance of the reaction mixture indicates higher free-radical scavenging activity. The DPPH radicalscavengingactivity (%) was calculated by the following equation:
scavenging activity (%) = (1 − A sample /A control ) × 100%
Preparation of Human Neutrophils
Human neutrophils from venous blood of healthy, adult volunteers (20-30 years old) were isolated with a standard method of Dextran sedimentation prior to centrifugation in Ficoll Hypaque gradient and hypotonic lysis of erythrocytes. Purified neutrophils that contained > 98% viable cells, as determined by trypan blue exclusion, were resuspended in HBSS buffer at pH 7.4, and kept at 4 °C before use.
Measurement of Superoxide Anion (O 2 •− ) Generation
The measurement of the generation of O 2 •− was based on the superoxide dismutase (SOD)-inhibitable reduction of ferricytochrome c [27] . In brief, after supplementing with ferricytochrome c (0.5 mg/mL), neutrophils (6 × 10 5 /mL) were equilibrated at 37 °C for 2 min and Table 2 .
Conclusions
Two new compounds, (7S*,8R*,7'R*,8'S*)-icariol A 2 -9-O-β-xylopyranoside (1) and hygarine (2), together with twenty-six known compounds, were isolated from the extracts of Hygroryza aristata. 
